VEHICLE FRAME HAVING AIR TANK CROSS MEMBER 



BACKGROUND OF THE INVENTION 

5 

TECHNICAL FIELD 

The invention relates to vehicle primary frames and subframes, and in particular to 
10 frames and sub frames of heavy-duty vehicles, including articulated vehicles such as tractor- 
trailers or semi-trailers, straight trucks, and dump trucks. More particularly, the present 
invention relates to the utilization of a compressed air tank, conlmonly found on such vehicles 
for supplying air to various pneumatically-operated vehicle components, as a structural member 
of the frame or subframe. 

15 

BACKGROUND ART 

It is well known in the heavy-duty vehicle art that articulated vehicles such as tractor- 
trailers, straight trucks, dump trucks, and the like, typically employ suspension assemblies of 

20 various types which are located between the wheel axles and the vehicle frame or subframe. 
These suspensions serve to support the vehicle and its load upon the wheel axles and tires and 
provide a smooth ride, despite uneven road conditions and the like, to cargo and/or passengers 
being carried by the vehicle. 

Suspension assemblies may be either directly interposed between the vehicle frame and 

25 the wheel axle assemblies, or between the wheel axle assemblies and a subframe that typically is 
movably mounted on the primary vehicle frame of certain types of tractor-trailers and which is 
commonly referred to as a "slider," One such prior art slider application which could 
incorporate the instant invention is shown in U.S. Patent No. 5,642,896, which is hereby fully 
incorporated by reference herein. 

30 It is understood that both vehicle primary frames and secondary frames or subframes 

typically utilize a pair of spaced-apart, parallel, elongated and longitudinally-extending main 
members, and a plurality of transversely-extending, spaced-apart and parallel cross members 
which are perpendicular to the main members and are secured thereto to form an integral rigid 
frame or subframe structure. 



It is also well known that heavy-duty vehicles of the type set forth hereinabove typically 
include pneumatically-operated devices or systems, including air brakes and air suspensions, as 
well as various other pneumatic components that might be used depending on the particular 
vehicle type and/or application. A pressurized or compressed air reservoir or tank is, 
5 accordingly, required equipment on such vehicles to enable air to be supplied to such pneimiatic 
devices, systems or components for proper operation. Generally, such air tanks either are bolted 
to the frame or subframe cross members or longitudinal members in many possible 
configurations, with or without adapting brackets, and are not a structural component of the 
frame or subframe. However, such an arrangement adds weight to the vehicle and takes up 
10 valuable space within the frame or subframe itself, with both consequences generally being 
undesirable. 

Listead, it is generally desirable to reduce the weight of such heavy-duty vehicles and 
simplify their construction as much as possible. The present invention solves such problems by 
enabling the air tank to double as a structural member of the vehicle frame or subframe, by 
1 5 replacing one or more cross members with one or more tanks to achieve weight reduction and 
structural simplicity, and at the same time maintain or increase the structural integrity of the 
frame or subframe. 

SUMMARY OF THE INVENTION 

20 

Objectives of the present invention include providing a heavy-duty vehicle frame or 
subframe having a simplified structure and reduced weight, yet the same or improved structural 
integrity as compared to prior art frames or subframes, for reacting side, fore-aft, vertical, and 
racking loads. 

25 Another objective of the present invention includes providing such an improved heavy- 

duty vehicle frame or subframe which can be efficiently manufactured and incorporated into a 
vehicle, and which is easy to maintain. 

These objectives and advantages are obtained by the improved vehicle frame having an 
air tank cross member, the general nature of which may be stated as including a vehicle having a 

30 front end and a rear end and a frame, and fiu-ther having at least one vehicle component requiring 
compressed air, the frame having at least a pair of spaced-apart main members extending in the 
directions of the front and rear ends, and at least one suspension assembly hanger depending 
from each of the main members, wherein the improvement comprises, tank means for storing the 
compressed air, the tank means being pneumatically connected to the compressed air-requiring 



A 



vehicle component, the tank means generally extending between and being secured to selected 
ones of the frame main members and the hangers for forming part of the structure of the frame, 
so that the frame reacts loads imposed on the frame during operation of the vehicle. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiments of the invention, illustrative of the best modes in which 
applicant has contemplated applying the principles, are set forth in the following description and 
are shown in the drawings and are particularly and distinctly pointed out and set forth in the 
10 appended claims. 

FIG. 1 is a perspective view of a typical prior art subframe having a pair of longitudinal 
main members and a plurality of cross members; 

FIG. 2 is a fragmentary perspective view of a first embodiment frame structure of the 
present invention, shown with a pair of axle/suspension systems mounted beneath the structure, 
15 and ftirther showing the manner in which air tanks are incorporated into the frame or subframe to 
also serve as cross members of the structure; 

FIG. 3 is a fragmentary bottom perspective view of a portion of the stmcture shown in 

FIG. 2; 

FIG. 4 is a longitudinal sectional view of the air tank shown in FIGS. 2 and 3; 
20 FIG. 5 is an elevational view and an end view of another type of air tank which can be 

utilized in the frame or subframe structures of the present invention; 

FIG. 6 is a view similar to FIG. 3, and showing a second embodiment frame structure of 
the present invention; 

FIG. 7 is a fragmentary bottom plan view of the embodiment of FIG. 6, with portions 
25 broken away and in section; 

FIG. 8 is a view similar to FIGS. 3 and 6, and showing a third embodiment frame 
structure of the present invention; 

FIG. 9 is a view similar to FIGS. 3, 6 and 8, and showing a fourth embodiment frame 
structure of the present invention; 
30 FIG. 10 is a fragmentary perspective view of a fifth embodiment frame structure of the 

present invention, showing a portion of the structure and an axle/suspension system moimted 
thereon; and 
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FIG. 1 1 is a fragmentary bottom perspective view of a sixth embodiment frame structure 
of the present invention, showing a portion of the structure and a suspension assembly mounted 
thereon. 

Similar numerals refer to similar parts throughout the drawings. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The general concept of the present invention is to replace one or more of the cross 
members of a heavy-duty vehicle frame or sub frame with one or more air tanks which otherwise 
would not form a structural part of the frame or subframe. It is imderstood that the present 
invention can be applied to heavy-duty vehicle primary frames or secondary frames, the latter 
being commonly referred to as sliders or subframes, without affecting the overall concept or 
advantages obtained by the invention. More specifically, the air tank serves a dual purpose, 
including its usual purpose as a storage reservoir for compressed or pressurized air used to 
operate various devices, components and/or systems of a heavy-duty vehicle such as an air 
suspension. In the present invention, the air tank serves the additional purpose of replacing one 
or more of the cross members in the vehicle frame or subframe structure. One or more tanks are 
mounted in such a way as to be structurally integrated into the frame or subframe, thereby 
enabling the overall structure to withstand the forces typically imparted thereto in an operating 
environment, including vertical loads, side loads, fore-aft loads, and racking loads. 

Movable subframe assemblies such as sliders and fixed primary frame assemblies both 
typically include a pair of spaced-apart, parallel, elongated and longitudinally-extending main 
members and a plurality of spaced-apart, parallel and transversely-extending cross members 
which are perpendicular to and secured to the main members in a manner well known in the art 
as shown in FIG. 1. Although FIG. 1 represents a movable subframe 30 having a pair of spaced- 
apart, parallel, elongated and longitudinally-extending main members 31 and a plurality of 
transversely-extending, spaced-apart and parallel cross members 32, it is understood that fixed 
primary frames have a similar construction, but merely are longer and generally extend the entire 
length of a certain portion of a vehicle such as the trailer of a tractor-trailer. Various 
embodiments of the present invention, satisfying the same overall theme, are presented and 
described hereinbelow. It is understood that although the embodiments of the invention 
described below and shown in the drawings represent fixed primary frame member structures, 
the inventive structure can be applied in a similar manner to shorter movable subframe structures 
of the type shown in FIG. 1 . 



With reference now to FIG. 2 of the drawings, it can be seen that a primary frame in 
accordance with a first embodiment of the present invention is designated generally by the 
numeral 10. More particularly, frame 10 includes a pair of spaced-apart, parallel, elongated, and 
longitudinally-extending main members 12. Each main member 12 has a suspension hanger 
5 bracket 14 mounted on and extending downwardly therefrom to pivotally receive a trailing arm 
beam 11 of an air suspension assembly 13 in a well-known manner. An air spring 16 extends 
between and is attached to its respective main member 12 and the rear end of its respective beam 
11 to complete the main components of suspension assembly 13. An axle 88 is captured in 
beams 11 of each pair of suspension assemblies 13 to complete an axle/suspension system. It is 

10 understood that additional pairs of suspension assemblies 13 (only one additional pair shown) 
are each mounted in an identical manner at longitudinally spaced locations beneath frame 10 for 
capturing transversely extending axle 88 in a manner well-known in the art. The actual number 
of axle/suspension systems mounted beneath frame 10 depends on factors such as the length of 
the frame, the intended vehicle applications, and the like. 

15 In accordance with a key feature of the present invention, and as best shown in FIGS. 2 

and 3, a pair of air tanks 36 preferably each replace at least two traditional cross members, such 
as cross members 32 shown in prior art FIG. 1, in frame 10. Thus, each tank 36 is intended to 
replace at least a pair of the cross members commonly located in the vicinity of each pair of 
suspension assemblies 13. 

20 With reference now to FIGS. 4 and 5, an appreciation may be obtained respecting the 

general nature of the structure of the air tanks suitable for implementation in first embodiment 
frame 10 of the invention shown in FIGS. 2 and 3, as well as in the second, third, fourth, fifth, 
and sixth embodiments shown in FIGS. 6-11 and described in detail hereinbelow. As 
specifically shown in FIG. 4, tank 36 includes a cylindrical body portion 50 having concave 

25 inboardly recessed end caps 52 inserted into opposite ends thereof Tank body 50 and end caps 
52 typically are formed of metal and, accordingly, the end caps are circumferentially welded into 
the open ends of cylindrical body 50 by continuous welds (not shown), thereby forming sturdy 
mounting rings 54 at each end thereof. A plurality of circumferentially-spaced rivet holes 56 
preferably are formed in each mounting ring 54, for integrating tank 36 into a frame or subframe 

30 structure as will be described in detail hereinbelow. 

A second design of an air tank suitable for use in the present invention is shown in FIG. 5 
and identified by numeral 90. Air tank 90 includes a cylindrical body portion 91 having 
generally concave outboardly recessed end caps 92 inserted into opposite open ends thereof 
Tank body 91 and end caps 92 typically are formed of metal and, accordingly, the end caps are 



circumferentially welded into the ends of cylindrical body 91 by continuous welds (not shown). 
A plurality of spaced threaded bolt holes 93 preferably are formed in the outboardmost flat 
surface of each end cap 92 for incorporating tank 90 into a frame or subframe structure in a 
suitable manner. 

Referring now back to FIG. 2, and in accordance with a key feature of the present 
invention, the structure of first embodiment frame 10 is completed as follows. A moxmting 
bracket 73, preferably fabricated from metal, is secxu-ed to its respective main member 12 and 
suspension assembly hanger bracket 14 by appropriate means such as welding, riveting or the 
like. 

In particular, mounting bracket 73 includes a base plate 74 to which tank 36 is fixed, 
such as by placing rivets in mounting ring holes 56 of the tank and corresponding aligned 
openings formed in a flange or the like (not shown) of base plate 74. Another fastening method, 
such as welding, also is contemplated. Top and bottom plates 76, 77, respectively, extend 
orthogonally outboardly from base plate 74 and are attached to main member 12 as by welding 
or bohing. Mounting bracket 73 also includes legs 78, 80, and 82 extending outboardly from 
base plate 74. Leg 78, which is joined to top and bottom plates 76, 77, extends to and abuts 
main member 12 and preferably is welded thereto. In the preferred embodiment of mounting 
bracket 73, leg 78 is substantially orthogonal to a web portion 75 of main member 12, reinforces 
it, and reacts all forces encountered by the vehicle during operation, including side, vertical, 
fore-aft, racking, and torsional forces. Leg 80, also joined to top and bottom plates 76, 77, is 
angled from base plate 74 and outboardly rearwardly away from tank 36 and toward main 
member web 75 where it is similarly welded. Angled leg 80 ftmctions to react all such loads as 
well. Finally, leg 82 angles downwardly outboardly from base plate 74 and toward hanger 
bracket 14 to which it is riveted, welded, or otherwise appropriately affixed. Angled leg 82 also 
assists in reacting all of the above-mentioned forces/loads, as will be readily understood and 
appreciated by those skilled in the art. It is further understood that each one of legs 78, 80, 82 
may react certain ones of the loads especially efficiently. Legs 78, 80, 82 are formed with 
apertures 79, 81, 83 therein, respectively, as shown in FIG. 3. These apertures serve the primary 
purpose of weight reduction. 

It will also be appreciated that legs 78, 80, 82, in combination with base plate 74, serve to 
define a truss structure for force transfer and dissipation. These triangulated legs include a leg 
78 which is substantially parallel to the axis of the cross member formed by tank 36 and 
orthogonal to the longitudinal axis of main member 12. Leg 80 is angled with respect to these 
axes, while intersecting both. Leg 82 extends obliquely with respect to the axis of tank 36 and 



terminates beneath the axis of main member 12. Accordingly, the truss so defined is capable of 
reacting and withstanding the forces normally incident to and received by a cross member in 
primary fi-ame 10 or a slider. It will be appreciated that the size of truss 73 may be varied by 
altering the length of tank 36. For any given volume of tank 36, as the length of the tank 
decreases, thus requiring increased truss size, the diameter of tank 36 must necessarily increase 
to maintain air volume requirements for FMUSS-121 compliance of the air brake system. With 
this understanding and the desirability of devising a mounting bracket adapted for force transfer, 
one skilled in the art can develop a truss of appropriate size to achieve the desired force vector 
transfer by simply selecting an appropriate length for tank 36 and adjusting its diameter 
accordingly. As noted hereinabove, various tank structures have been contemplated for use in 
the firame or subframe of the present invention. 

A second embodiment of the fi-ame of the present invention is shown in FIGS. 6 and 7 
and is indicated generally at 17. A bracket 18, preferably formed of a sturdy material such as 
metal, is mounted on the inboard surface of each main member 12 (only one shown) and hanger 
14 by any suitable means such as welds or fasteners. As shown in FIGS. 6 and 7, moimting 
bracket 18 has a generally cupped or curvate shape. A cylindrical-shaped air tank 20, which is 
yet another design of a vessel in addition to tanks 36 and 90 shown in FIGS. 4 and 5, 
respectively, is secured between opposed mounting brackets 18 by a continuous weld (not 
shown) extending about the entire interface 22 of each of the cylindrical ends of tank 20 and its 
respective mounting bracket 18. The welds at each interface 22 provide an airtight closure to 
tank 20, it being xmderstood that each bracket 18 also functions as an end cap or closure 24 at its 
respective end of tank 20. 

It thus clearly can be seen by referring to FIGS. 6 and 7 and the description immediately 
above that tank 20 serves as an integrated and rigid structural frame cross member between main 
members 12. The arcuate or cupped configuration of each bracket 18, extending fore and aft 
from tank 20 along its respective main member 12, and having a leg 19 extending generally 
downwardly into contact with frame hanger 14, provides force restraint between the main 
members against vertical, side, fore-aft, and racking loads characteristically incident to the 
axle/suspension systems used on heavy-duty vehicles such as tractor-trailers. Of course, as in 
first embodiment 10, a hanger 14 pivotally mounts a beam 11 of a suspension assembly 13, 
which also includes a ride air spring 16, and a spaced pair of the suspension assemblies captures 
an axle (not shown). The arcuate or cupped configuration of brackets 18 also allows them to 
fimction as end caps 24 to the pressure vessel or tank 20. Thus, since the assembly comprising 
air tank 20 and uniquely configured mounting brackets 18 preferably replaces at least two cross 



member structures such as member 32 (FIG. 1) otherwise used in such vehicle frames, frame 17 
gains the benefits of reduced weight while maintaining or even improving the structural integrity 
of the frame, and simplifies the frame structure to provide additional space for mounting other 
vehicle components or structures. 
5 Referring now to FIG. 8, it can be seen that a frame assembly in accordance with a third 

embodiment of the invention is indicated generally at 26. For purposes of illustration, only a 
single longitudinal main member 12 of frame 26 is shown, and like first and second embodiment 
frames 10 and 17, respectively, of the present invention, has a hanger bracket 14 depending 
therefrom and a beam 1 1 of a suspension assembly 13 mounted on the hanger and main member 

10 12 in a typical fashion. An air spring 16 extends between the rear end of suspension arm 1 1 and 
main member 12. As before, those skilled in the art will of course appreciate the existence of a 
transversely-spaced, parallel second elongated longitudinal main member 12 with an associated 
suspension hanger bracket 14, trailing arm or beam 11, and air spring 16, with beams 11 of 
suspension assemblies 13 capturing an axle (not shown) to form an axle/suspension system. 

15 Air tank 36 doubles as a frame cross member and extends between main members 12 in a 

similar manner to the frame embodiment set forth in FIG. 2. More specifically, air tank 36 is 
secured to opposed main members 12 by appropriate mounting brackets 38. Each movmting 
bracket 38 preferably is formed of a suitable composite material and has flanges or feet 40, 42, 
44 for purposes of abutting other portions of frame main member 12 and hanger bracket 14, In 

20 particular, feet 40, 42 are longitudinally spaced along an inboard portion of main member 12, 
and foot 44 abuts hanger bracket 14. Feet 40, 42, 44 in tum each are secured to its respective 
main member 12 or suspension hanger bracket 14 by suitable bolts, rivets or the like (not 
shown). A leg 48, formed integral with mounting bracket 38, extends outboardly from an area 
adjacent an annular bracket collar 46 to foot 44, to enable the foot to abut hanger 14 as 

25 illustrated. Since each mounting bracket 38 is formed of a non-metallic molded plastic 
composite material, fasteners must be employed, rather than welding or other similar attachment 
methods. The inboardmost end of each mounting bracket 38 is formed with annular collar 46 
and is configured to receive a respective one of the ends of air tank 36, 

More particularly, tank rivet holes 56 are adapted to align with corresponding 

30 circumferentially-spaced rivet holes 58 formed in collar 46 of mounting bracket 38 as shown in 
FIG. 8. Accordingly, mounting rings 54 and collars 46 isolate air tank body 50 from any tool or 
securing implement which might otherwise penetrate the tank body during assembly of frame 
26. Thus, tank mounting rings 54 are engaged and inserted into bracket collars 46 and openings 
56, 58 can be aligned to receive rivets (not shown) to secure tank 36 to brackets 38. 
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As clearly shown, mounting bracket 38 generally is of a triangular-based shape, with feet 
40, 42, 44 interconnecting tank 36 as a cross member generally between opposed main members 
12 and hanger brackets 14. Accordingly, the rigid cross member structure created by air tank 36 
and received by mounting brackets 38 is capable of transferring the various forces normally 
reacted by suspension assembHes 13 during vehicle operation. Specifically, triangulated 
mounting bracket 38 withstands vertical loading, side loading, fore-aft loading, and racking 
forces as characteristically impact such suspension assemblies. 

As noted above, it is contemplated that mounting bracket 38 may be formed of a suitable 
plastic or composite material given to ease of manufacture through appropriate molding 
techniques. Accordingly, a broad range of configurations may be devised to achieve desired 
mounting and force reacting features while still conforming to the concept of the present 
invention. 

Referring now to FIG. 9, a fourth embodiment frame of the invention is designated 
generally by the numeral 60. Li this embodiment of a frame of the present invention, mounting 
brackets 62 preferably are fabricated from metal and are attached to opposed main members 12 
(only one shown) as by welding or the like. Mounting rings 54 at opposite ends of air tank 36 
each are received by a collar 70 formed on the inboard end of each mounting bracket 62 and may 
be secured thereto by welding, rivets or other appropriate fastening means (not shown). 
Extending angularly and outboardly from collar 70 to main member 12 are a pluraUty of webs or 
flanges 64, 66, 68 which are welded, bolted or riveted (not shown) at their outboardmost ends to 
main member 12. Webs 64, 66, 68 form a triangulated mounting base adapted to react and 
withstand the various vehicle operation forces imparted thereto by virtue of interconnection with 
air tank 36 serving as a rigid subframe cross member between the parallel main members 12 of 
subframe 60. In effect, webs 64, 66, 68 define a truss structure for appropriate force transfer 
involving suspension assembly 13, an axle (not shown), and other vehicle components. 

With reference now to FIG. 10, a fifth embodiment frame of the invention can be shown 
and is designated generally by the numeral 84. A pair of main members 12 (only one shown) of 
a heavy-duty vehicle each have a depending hanger bracket 14 for mounting a pair of suspension 
assemblies 13 beneath the frame and capturing a transversely extending axle 88 in suspension 
beams 11. Ride air springs 16 of suspension assemblies 13 also are shown. Extending between 
hanger brackets 14 of the respective main members 12 is air tank 36, having each of its 
mounting rings 54 at opposite ends thereof welded or otherwise appropriately fixed to its 
respective hanger bracket 14. Accordingly, air tank 36 serves as a rigid frame cross member 



interconnected between main members 12, albeit while extending between and attached to 
hangers 14. 

Referring now to FIG. 11, a sixth embodiment frame of the present invention is 
designated generally by the numeral 100. In this inventive frame embodiment, moxmting 
brackets 102 preferably are fabricated from metal and are attached to opposed main members 12 
(only one shown) as by welding or the like. Mounting rings 54 at opposite ends of air tank 36 
each are received by a flange or the like formed on its respective bracket 102 and may be 
secured thereto by welding, rivets, or other suitable fastening means (not shown). Each bracket 
102 extends outboardly from its respective end of tank 36 to main member 12 and is welded, 
bolted or riveted (not shown) to the main member. It is important to note that tank 36 and 
brackets 102 are disposed adjacent to air springs 16. Thus, it can be seen that the present 
invention contemplates various locations for the air tank/cross members and their mounting 
brackets, but all of the locations shown and described herein achieve appropriate force transfer 
involving suspension assembly 13, an axle (not shown), and other vehicle components. 

It is thus understood that the various embodiments of the present invention can be 
appUed to fixed primary vehicle frames, or moveable subframes or sliders, without effecting the 
overall concept of the present invention. It is further understood that the configuration and 
material from which the tanks and brackets for attaching tanks as a rigid cross member in the 
frame or subframe structure can be varied, also without affecting the overall concept of the 
present invention directed to replacing traditional frame or subframe cross members with the 
pressurized air tank. It also is understood that various means can be used to secure the brackets 
and air tank into the frame or subframe structure, including welds, fasteners, and the like. 

Moreover, although the preferred embodiment of the present invention contemplates 
replacing all of the traditional cross members with one or more air tanks, it is understood that if 
desired, less than all of the prior art cross members could be replaced. It is further understood 
that the present invention is not limited to use only with the representative suspension assembly 
shown and described, but could be used to support numerous other types of axle/suspension 
systems, axles and suspension assemblies. 

Thus, it can be seen that the location of each cross member/air tank can extend between 
the frame main members at a location adjacent to ride air springs 16, adjacent to hangers 14, or 
at a location intermediate the hangers and air springs, without affecting the overall concept of the 
present invention. It is also understood that each cross member/air tank alternatively can extend 
between the frame suspension hangers rather than the frame main members and still achieve the 
desired results of the invention. It is further understood that while additional gussets, brackets, 
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and the like, may be required to achieve optimal structural integrity of the frame or subframes of 
the present invention, an overall weight reduction to the frame or subframe over prior art 
structures still will be realized. 

Accordingly, the improved vehicle frame or subframe of the present invention utilizing 
one or more air tank cross members is simplified, provides an effective, safe, inexpensive, and 
efficient structure, which achieves all the enumerated objectives, provides for eliminating 
difficulties encountered with prior frame and subframe structures, and solves problems and 
obtains new results in the art. 

In the foregoing description, certain terms have been used for brevity, clearness and 
understanding; but no unnecessary limitations are to be implied therefrom beyond the 
requirements of the prior art, because such terms are used for descriptive purposes and are 
intended to be broadly construed. 

Moreover, the description and illustration of the invention is by way of example, and the 
scope of the invention is not limited to the exact details shown or described. 

Having now described the features, discoveries and principles of the invention, the 
manner in which the improved vehicle frame or subframe is constructed, arranged and used, the 
characteristics of the construction and arrangement, and the advantageous, new and useftil 
results obtained; the new and usefiil structures, devices, elements, arrangements, parts and 
combinations are set forth in the appended claims. 
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